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(57) Matiriau pour dcctnodc positive dc type insertion 
de lithium, poss^dant une structure d'oltvine, k base de 
df rivds du fcr ou du mangandsc, dont la formulc g^ndralc 
est Lix-/^i.(y4^4qfr)DdTrQ(;^,lP04li.(p*^ lS04]p 

[SI04]sIV04lv, oa : M reprfscnlc Fc^ou Mn^ou un 
radlangc dcs deux; D rcpriscnlc un m^tal au niveau 
d'oxydation +2, choiM parmi Mg^, Ni^, Co^, Zn^, 
Cu^ et Ti^; T rcpr^scnte un miial au niveau 
d'oxydation +3, choisi pami Al^, Ti^. Cr^, Fe^, 
Mn^, Ga^, Zn^ et V^; Q reprtscntc un m^tal au 
niveau d'oxydation ■»4» choisi panni Ti^. Ge^. Sn'^^ct 
R rcprtsente un mdtal au niveau d'oxydation +5, 
choisi parmi V^, Nb^ct Ta^. Tous Ics D, T, Q et R 
sont dcs dldments se trouvant dans des sites octaddrique; 
v est le coefficient stocchiomitrique pour Ic silud 
dans des sites Utraddrique. Les coefHcients 
stoechiomdtriques x, y. d, t, q. r. p, s, v sont tous compris 
entre liro et un, et Tun au moins des coefficients y, d, t, 
q. r. p, s ci V est difTirent dc zdro. Les autrcs conditions 
sont les suivanics :0<x<I y + d + t + q + r<l 
p+s+v< I 3 + s-p«x-y+t+2q + 3r,oiixcstIedegr6 
d*intercaIation .pendant le fonctionnement du matdriau 
d'dlectrode. 



(57) A lithium insertion-type positive electrode materials 
having an olivine structure based on iron or manganese 
derivatives, whose general formula is: Lix-yMi- 
(yKiH-Kr+r)DdT|9(^,(P04J lS04lp 
[S104lsIV04lv where: M represents Fc^ or Mn^ or 
mixtures thereof; D represents a metal in the +2 
oxidation slate, chosen among: Mgr. Ni , Co , Zn , 
Cu^» Ti^; T represents a metal in the +3 oxidation slate, 
chosen among: Al^, Ti^. Cr^, Fe^, Mn^. Ga^, 
Zn^, V^Q represents a metal in the +4 oxidation slate, 
chosen among: Ti"*^, Ge"^, Sn^, V^. R represents a 
metal in the +5 oxidation sute, chosen among: V^, 
Nb^, Ta^. All M, D, T, Q. R. are elements residing in 
octahedral sites; v is the stoichiometric coefncient for 
residing in letrahedral sites. The stoichiometric 
coefficients x. y, d. t, q. r, p, s. v arc all comprised 
between zero and one with at least one among of the y, d, 
I, q, r, p, s and v coefncients differing from zero. Other 
conditions are: 0 < X < I y + d + t + q + r<lp+s+v<l 
3+s-p = x- y + t +2q + 3r where x is the degree of 
intercalation during operation of the electrode material. 
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ABSTRACT 

A lithium insertion-type posiHve electrode materials having an olivine structure based on iron or 
manganese derivatives, whose general formula is: 

Lix, y Mi.(^4<l4t-Ki+r) DdT, Q,Rr[P04]l.(p«+v) [S04]p ISi04]s[V04]v 

where: 

M represents Fe-+ or Mn^"*" or mixtures thereof; 

D represents a metal in the +2 oxidation slate, chosen among: Mg2+ Ni2+ Co^\ Zn^^ 
Cu2^ Ti2+; 

T represents a metal in the +3 oxidation state, chosen among: Al3+ Ti3+ Cr3+ Fe3+ Mn3+ 
Ga3+ Zn^+ V3+ 

Q represents a metal in the +4 oxidation slate, chosen among: Ti-*+ Ge'^+ Sn'^^, V**^. 

R represents a metal in the +5 oxidation state, chosen among: V5+ Nb5+, Ta5+ 

All M. D, T. Q. R. are elements residing in octahedral sites: v is the stoichiometric coefficient 
for V5+ residing in tetrahedral sites. 

The stoichiometric coefficients x, y. d, t, q. r, p, s. v are all comprised between zero and one 
with at least one among of WiC y. d. t. q, r, p. s and v coefficients differing from zero. Other 
conditions are: 

O^xs 1 

y + d + l+ q + r:sl 
p + s + V ^ 1 

3 + $- p = x-y+l + 2q+3r 
where x is the degree of intercalation during operation of the electrode material . 
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NEW LITHIUM INSERTION ELECTRODE MATERIALS 
BASED ON TETRAOXYANIONS DERIVATIVSS WITH 
OLIVINE STRUCTURE 

5 

Description of prior art: 

Elccirode materials with the olivi,;. structure LiFeP04 (iriphyllilte) and the quasi-isomorphous 

delithiaied maleria] □FCPO4 have the advantage of an operating voltage of 3.5 V vs. Li"^/Li°, i.c in. the 
stability window of both liquid and polymer electrolytes with a flat discharge (lithium intercalation) 
10 plateau. The materials are however limited both by slow Li"*" diffusion kinetics and low elecu-onic 
conductivity. The absence of non-stoichiometry or mutual miscibility for both phases G-iFeP04 and 
□FeP04) provides an explanation for these undesirable properties. The materials obtained by partial 
substitution of iron by manganese behave similarly. 

Description of the invention: 

15 In the present invention, the pristine olivine structure of LiMP04 (M = Fe or Mn or their solid 
solutions) is modified either or both on (he anionic and cationic sites, by aliovalenl or isocharge 
substitutions, to provide better lithium ion diffusiiivity and electronic conductivity. For instance, these 
substitutions allows for the coexistence of iron or manganese in two different oxidation states in the 
same phase, or introduce specific interations with other elements having redox levels close to those of 

20 Fe and Mn (e.g.: Fe--^/Ti^^ <=> Fe^-^/Ti^*, Mn^+A'^* ^ f4n3+/v4+ etc..) both of which are 
favorable to elecu-onic conductivity, while disorder on the anionic site provides preferential diffusion 
sites for Li*. Along the same line, panial substitution of phosphorus by vanadium and to some extend 
by silicon, increases the lattice parameters, thus the size of the bottlenecks which tends to slow 
diffusion. The formation of non-stiochiomeiry domains with mixed valence slates and/or u-ansiiion- 

25 metal mediated clecu-on hopping as well as panial substitution of phosporus sites differentiates this new 
family of compounds from the LiFeP04/DFeP04 in which the totality of Fe (Mn) in cither in the +11 or 
+ni oxidation state. 
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CLAIMS 

) A lithium insertion-type positive electrode materials having an olivine structure based on iron or 
manganese derivatives, whose general formula is: 

Lix , ,Mi.(y4<i4<-Ki+r) DdTt QjRr [P04]i.(jh4+v) [S04]p [Si04j$[V04)v 

where: 

M represents Fe^^ or Mn^* or mixtures thereof; 

D represents a metal in the +2 oxidation state, chosen among: Mg^+ Ni2+ Co2+ Zn^\ 
Cu2+ Ti2+; 

T represents a metal in the +3 oxidation state, chosen among: AP+ Ti3+ Cr3+ Fe3+ Mn3+ 
Ga3+ Zn2+ V3+ 

Q represents a metal in the +4 oxidation state, chosen among: Ti'*+ Ge'^+ Sn'^^, V** 

R represents a metal in the +5 oxidation slate, chosen among: V5+ Nb5+ Ta5+ 

All M. D. T. Q. R, are elements residing in octahedral sites; v is the stoichiometric coefficient 
for V5+ residing in tetrahedral sites. 

The stoichiometric coefficients x, y, d, I, q. r, p. s, v are all comprised beUveen zero and one 
with at least one among of the y. d, t. q, r, p. s and v coefficients differing from zero. Other 
conditions arc: 

0 :S X ^ 1 

y+d+t+ q+r^l 
p + s + v i 1 

3+s-p = x-y+t + 2q + 3r 
where x is the degree of intercalation during operation of the electrode material . 

Elecm'cal generator having a least one positive and one negative electrode characterized in that at 
least one positive electrode contains a material according to claim 1 and at least one negative 
electrode is a source of lithium ion at a high chemical activit>'. 

Hectrical generator according to claim 2 characterized in that the negative electrode is metallic 
lithium, a lithium alloy, a lithium-carbon intercalation compound, a lithium-titanium spinel 
Lii + .^ + zTi2.x04 (0 ^ X ^ 1/3; 0 ^ z ^ 1 .2x) and its solid solutions with other spinels, or a 
lithium-transition metal mixed nitride of antifluorile or related structures and mixtures thereof 

Electrical generator according to claim 2 characterized in that a conductive additive is present in the 
positive electrode. 

Electrical generator according ic claim 2 characterized in that the conductive additive in the 
positive electrode material is carbon. 
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6) Electrical generator according to claim 2 characterized in that the positive electrode contains in 
addition to the materials of claim 1 an intercalation material with fast diffusion kinetics 

7) Electrical generator according to claim 2 characterized in that the positive electrode contains in 
addition to the materials of claim I an intercalation material with fast diffusion kinetics like a 
lamellar dichalccgnenidc. a vanadium oxide VO, (2. 1 i x ^ 2.5) or a Nasicon-related material, 
like U3Fe2(P04)3 or li3.xFe2.xTi,(P04b- 

8) Electrical generator according to claims 2 to 5 characterized in that the the positive electrodes 
contains a polymeric binder . 

9) Electrical generator according to claims 2 to 5 characterized in that the polymeric binder is an 
homopolymer or copolymer of tetrafluoroethylene or an ethylene-propylene-dienc terpolymcr . 

10) Electrical generator according to claim 2 to 6 characterized in that the polymeric binder possesses 
ionic conductivity 

1 1) Electrical generator according to claim 7 characterized in that the polymeric binder is a polyether 
crosslinked or not and dissolving a salt, the cation of which is at least in part Li+. ' 

12) Electrical generator according to claim 7 characterized in that the polymeric binder is swollen by 
an aprotic solvent and contains a salt, the cation of which is at least in part Li+- 

13) Electrical generator according to claim 9 characterized in that the polymeric binder is a polyether. a 
polyester, a methylmethacrylate-based polymer, an aciylonitrile- based polymer, a vinylidene fluo- 
ride-based polymer. 

14) Electrical generator according to claim 9 characterized in that the approtic solvent is ethylene 
carbonate, propylene carbonate, dimethylcarbonate. diethylcarbonate, methyl-ethylcarbonate. 
V-buiyrplactone. a tetraalkylsufamide. adialkyetherof a mono-, di-. tri-. tetra- or higher oligo- 
ethylene glycols of molecular weight lower or equal to 2000. and mixtures thereof. 

15) variable optical transmission device constructed from transparent semi-conductor coated glass or 
plastic and two electrodes separated by a solid or gel electrolytes, characterized in that at le'ast one 
of the electrode contain a materia] according to claim 1. 

16) variable optical transmission device according to claim 12 characterized in that at least one of the 
electrode is obtainedbylayinga thin film of material according to claim 1 on a transparent semi- 
conductor coated glass or plastic by a vaccum deposition technique, sputterins. or from a sol-"el 
precursor. " * 



